ABSTRACT OBJECTIVES: Ascertain the association of elevated co-occurring anxiety and depression symptoms, elevated anxiety symptoms alone or elevated depression symptoms alone with indicators of self-care behaviours in people with type 2 diabetes.
T ype 2 diabetes mellitus is a non-communicable disease associated with difficulty maintaining optimal blood glucose levels and an increased likelihood of developing serious macro-and micro-vascular complications. 1 However, along with physical complications there is also evidence that people with diabetes have an increased likelihood of being diagnosed with psychological disorders, including depression 2 and anxiety. 3 The impact of co-morbid psychological disorders in people with diabetes is an area of research that is attracting increasing attention from both national and international diabetes organizations, with particular attention being paid to the impact of depression. In people with diabetes, depression has consistently been shown to be associated with decreased adherence to the self-care regimen, 4 an increased likelihood of developing serious complications, 5 poorer functioning 6 and an increased risk of mortality. 7, 8 However, depression is rarely a standalone psychological disorder and it is frequently co-morbid with other psychological disorders, in particular anxiety disorders. 9 Furthermore, recent research shows that people with diabetes are more likely to be diagnosed with co-morbid depression and anxiety than people who do not have diabetes. 10 It may be important to consider the role of co-occurring depression and anxiety in people with diabetes as anxiety is associated with many similar adverse outcomes to depression. In people with diabetes, anxiety is associated with increased symptom burden, 11 increased physical complications, 12 decreased physical activity 13, 14 and an increased likelihood of being a current smoker. 12 Despite the frequent co-morbidity between depression symptoms and anxiety symptoms, there is a lack of research investigating the association of this co-morbidity with self-care in people with diabetes. By better characterizing the associations of elevated depression symptoms alone, elevated anxiety symptoms alone or co-occurring elevated depression and anxiety symptoms with indicators of self-care and health, it may be possible to better understand the relationship between anxiety and depression, and self-care and health. Better characterization of which psychological factors are associated with important clinical outcomes would have implications for better targeted psychological screening within clinical practice.
The first objective of this study was to describe the prevalence of elevated anxiety symptoms, elevated depression symptoms and co-occurring elevated anxiety and depression symptoms. The second objective was to characterize the associations of elevated co-occurring anxiety and depression symptoms, elevated anxiety symptoms or elevated depression symptoms with indicators of self-care behaviours in a community-based sample diagnosed with diabetes for 10 years or less.
METHODS

Sampling and participants
Data for this analysis were taken from the 2011 baseline portion of the Evaluation of Diabetes Treatment (EDIT) study. The EDIT study is a longitudinal community-based study of Quebec residents with type 2 diabetes (2011-2014). Inclusion criteria included being aged 40-75, diagnosed with diabetes for less than 10 years (as determined by self-reported doctor diagnosis) and insulin-naïve. Participants were sampled using random digitdialing and letters of invitation (for more information, see ref. 15) . A total of 196,605 people were contacted, with 3,789 confirming they met inclusion criteria. Of those participants who were eligible, a total of 2,028 completed a telephone survey that consisted of questions about physical health, lifestyle and psychological status (for characteristics of the sample, see Table 1 ).
The study protocol and sampling procedures gained full ethical approval from the Ethics Board of the Douglas Hospital Research Centre.
For this analysis, data for underweight individuals were excluded, due to the low number of people in this category. Only those participants who had completed both anxiety and depression questionnaires were included, leaving a total of 1,990 participants.
Questionnaires
Anxiety and Depression Assessment
Presence of elevated depression symptoms was ascertained using the 9-item Patient Health Questionnaire (PHQ-9), 16 a validated scale that uses diagnostic items to assess for the presence of moderate to severe depression as indicated by a score of ≥10.
17
Presence of elevated anxiety symptoms was assessed using the 7-item Generalized Anxiety Disorder questionnaire (GAD-7). 18 The GAD-7 screens for general items of current anxiety, with presence of moderate to severe anxiety indicated by a score of ≥10.
18
Participants were then placed into one of four categories based on whether they met the cut-off for clinically significant anxiety and/or depression symptoms:
Below threshold anxiety and depression symptoms: Score <10 for both GAD-7 and PHQ-9. Elevated anxiety symptoms: Score ≥10 for GAD-7 and <10 for PHQ-9. Elevated depression symptoms: Score ≥10 for PHQ-9 and <10 for GAD-7. Co-occurring elevated anxiety and depression symptoms: Score ≥10 for GAD-7 and PHQ-9.
Self-care Indicators
All indicators of self-care behaviours were dichotomized based on current Canadian recommendations for self-care. 19 Blood glucose checking was assessed by asking how often participants checked their blood glucose. Categories were formed based on current Canadian recommendations for people taking oral medication. 20 Testing as recommended was testing one or more times per day to once per week. Testing less than recommended was checking less than once per week. Eating habits were assessed by asking participants how they would rate their past-month eating habits (excellent/very good/ good/fair/poor) and then dichotomized in line with previous work. 21 Those who answered that their eating habits were excellent, very good or good were assessed as having good eating habits; those who answered "fair" or "poor" were assessed as having poor eating habits. Physical activity was assessed with a single-item question asking how many days in the previous month participants had engaged in at least 15 minutes of moderate to strenuous exercise or activities. People were categorized as meeting recommendations if they reported engaging in a minimum of 12 sessions of Table 1 .
Baseline characteristics of EDIT sample (n = 2028) exercise over the last month, and not meeting physical activity recommendations if they reported participating in less than 12 sessions in the last month. This categorization was based on CDA recommendations for participating in physical activity for at least 3 days per week. 19 Smoking status was assessed by asking whether participants currently smoked. Those people who reported being former or never smokers were classified as meeting smoking recommendations. Those people who reported being current smokers were classified as not meeting recommendations.
Confounders
Diabetes complications were assessed using the validated 17-item diabetes complications index (DCI 22 ). The DCI screens for presence of the following diabetes complications: coronary artery disease, cerebrovascular disease, peripheral vascular disease, neuropathy, retinopathy, foot problems.
BMI (BMI; kg/m 2 ) was calculated based on self-reported weight and height. Socio-demographic factors assessed in this study were based on those asked in the Canadian Community Health Surveys 23 and based on self-report. Categorization of these factors was based on that used in previous studies. 15, 21 Variables included in the main analysis were age, sex (male/female) marital status (married/partner; widowed/divorced/separated; never married), employment status (working full or part-time/retired/not working) and education (less than high school/high school graduation/post high school).
Data analysis
Categorical descriptive data were assessed using cross tabulations. Continuous descriptive data were assessed using one-way analysis of variance (ANOVA), with Bonferonni-corrected posthoc comparisons. Logistic regression analyses were used to assess non-adherence to recommendations for each indicator of self-care and each health outcome with presence of elevated depression symptoms, elevated anxiety symptoms or co-occurring elevated anxiety and depression symptoms. Analyses were first plotted as unadjusted associations. They were then adjusted for socio-demographic factors and other relevant confounders (see footnotes for Table 3 ).
RESULTS
Descriptive analyses
Of the total population studied, 85.3% (n = 1,698) had below-threshold anxiety and depression symptoms; 2.4% (n = 48) had above-threshold anxiety symptoms; 5.6% (n = 111) had above-threshold depression symptoms and 6.7% (n = 133) had above-threshold anxiety and depression symptoms. Overall, 9.1% of our sample met criteria for elevated anxiety symptoms and 12.3% for elevated depression symptoms. When all four groups Table 2 .
Comparison between groups: Descriptive data All categorical variables were compared using cross-tabulations. All continuous variables were compared using one-way ANOVA with Bonferonni-corrected comparisons. There was no significant difference between groups for age (F(3.1789) = 1.63, p = 0.2), but there was for depression severity (F(3.1789 = 1142.5, p < 0.001) and anxiety severity (F(3.1789 = 7630.2, p < 0.001). * p < 0.05; ** p < 0.01; *** p < 0.001.
were compared for severity of anxiety and depression, there were significant differences between them (see Table 2 ). Bonferroni-corrected post-hoc comparisons revealed that those people with co-occurring elevated anxiety and depression had significantly higher anxiety and depression symptom scores when compared to all other groups. The group with both elevated depression and elevated anxiety symptoms had significantly higher mean depression and anxiety scores than the means observed in the groups with only one or the other of elevated anxiety or elevated depression symptoms. All groups with elevated anxiety and/or depression symptoms were less likely to be adherent to physical activity recommendations and more likely to report poor eating habits (see Table 2 ). Both the groups with elevated depression symptoms and elevated co-occurring anxiety and depression symptoms were more likely to report being current smokers.
Furthermore, all groups with elevated anxiety and/or depression symptoms were more likely to report having one or more diabetes complications. The group with elevated depression and co-occurring anxiety symptoms were also more likely to report being overweight/obese (see Table 2 ).
Analysis of demographic and socio-economic confounders revealed that all groups with elevated anxiety and/or depression were more likely to consist of females. Comparison based on marital status showed that the two groups with elevated depression symptoms were less likely to be married. The group with elevated anxiety were more likely to be retired, and the groups with elevated anxiety and/or depression were all more likely to report not working. The groups with co-occurring depressive and anxiety symptoms and elevated anxiety were less likely to have post high-school education. However, there was no difference between groups for age (see Table 2 ).
Logistic regression: Self-care indicators
Those people who had elevated anxiety symptoms were significantly more likely to report poor eating habits than people with no anxiety or depression. This association remained significant after controlling for all confounders (see Table 3 ).
Those people who had elevated depression symptoms were more likely to report being a current smoker, being less physically active than recommended and having poor eating habits. The association between smoking and depression symptoms was no longer significant after controlling for confounders. However, the associations between depression symptoms and respectively physical activity and eating habits remained significant (see Table 3 ).
The group with co-occurring anxiety and depression symptoms were more likely to report being a current smoker, being less active than recommended and having poor eating habits. All associations remained significant after controlling for all confounders (see Table 3 ).
DISCUSSION
Results from this study indicate that there is a high degree of co-morbidity between elevated anxiety and depressive symptoms in people with type 2 diabetes. These results also provide evidence that anxiety and depression symptoms both alone and in combination are associated with poorer self-reported self-care in people with diabetes. Previous research has established the negative impact of depression 4 and to a lesser extent anxiety 12 on self-care behaviours. However, to our knowledge no study has explicitly examined the association of anxiety and depression symptoms, both alone and in combination, with self-care outcomes in people with diabetes. Previous work has established that people with diabetes are more likely to be diagnosed with co-morbid anxiety and depression. 10 Work from this study indicates that the overall prevalence of elevated anxiety and depression are higher than population norms.
9,24
The results from this study indicate that elevated depression symptoms (both with and without co-occurring anxiety symptoms) are associated with reporting problems with different aspects of the self-care regimen. However, elevated anxiety symptoms are significantly associated with reporting poor eating habits only (though point estimates for checking blood glucose and physical activity also indicate that elevated anxiety symptoms may have an impact on these outcomes). Reference categories for each outcome: checking blood glucose (check once a week or more); smoking status (former/never); physical activity (active 3 times or more per week); eating habits (excellent/very good/good). Adjusted analysis: analyses adjusted for age, sex, marital status, employment status, education, BMI and diabetes complications. * p < 0.05; ** p < 0.01; *** p < 0.001.
It is possible that the more pronounced association of elevated depression symptoms with adherence to self-care indicators could be due to an overlap in depression symptoms and factors associated with self-care. For example, some of the core features of depression which people in the elevated depression symptoms groups could have endorsed include changes in appetite, concentration problems and increased fatigue. These depression symptoms would impact directly on meeting physical activity recommendations, remembering to take medication and following diet recommendations.
Results from this study indicate that those people who meet criteria for elevated anxiety and depression symptoms have a more statistically severe anxiety and depression than those people who have elevated anxiety symptoms or elevated depression symptoms alone. This could partially explain why the associations for reporting poor eating habits and smoking are most pronounced in the group with co-occurring elevated anxiety and depression symptoms (i.e., more severe depressive symptoms). However, this difference is not necessarily clinically important as all participants met criteria for moderate to severe depression and/or anxiety symptoms. 17, 18 Furthermore, the low number of people in the elevated anxiety symptoms group possibly means that there was not sufficient power to detect significant associations between anxiety and self-care and health outcomes, despite point estimates that lay above 1.
Strengths and limitations
These results are limited by the use of self-report data and the possible impact of mood on perceptions of adherence to outcomes such as self-rated eating habits. As such, there are no objective clinical markers of self-care such as HbA1c or clinical tests of complications. There are also additional self-care indicators that were not explored in this study that are likely impacted by mental health, such as medication adherence and foot checking. The results are also limited by the use of anxiety and depression screening scales rather than diagnostic interviews. However, it could be argued that as these types of screening scales are the most likely to be used in diabetes clinical practice rather than the more lengthy diagnostic interviews, it is important to use these scales. However, no inferences on the effect of clinically diagnosable psychological co-morbidity can be made using this dataset. Despite these limitations, the results from this study do point to a potentially important association of anxiety and depression co-morbidity on diabetes self-care, which can be explored in future studies through clinical diagnoses of anxiety and depression alongside objective clinical parameters such as HbA1c. A further limitation is that the use of a cross-sectional dataset limits inferences on causality. It is possible that elevated depression and anxiety symptoms may lead to worsened self-care, or that worsened self-care may lead to increasing feelings of depression and anxiety. In the absence of longitudinal data, it is difficult to infer how these variables are related temporally. Future studies can explore the directional relationship of depression/anxiety and self-care and the role of factors such as diabetes complications and socio-economic status in this relationship. Another limitation is the fact that income was not included in the logistic regression analysis due to the high number of missing values. It is likely that income would be an important confounder in the relationships examined, however inclusion of this confounder would have led to a reduction in statistical power. Finally, the low number of people in the elevated anxiety symptoms group makes generalizability from this group difficult. However, this study and its interpretation are strengthened by the use of a large, homogenous and community-based representative sample.
Public health implications
There is a large body of evidence showing the negative association of depressive symptoms with adherence to self-care recommendations in people with diabetes. 4 However, there are few studies that have considered the impact of co-morbid anxiety in this relationship. Results from our study indicate that both depressive and anxiety symptoms are important factors that are associated with self-care in people with diabetes. This emphasizes the importance of monitoring self-care behaviours in people with both depressive and anxiety symptoms.
CONCLUSIONS
In conclusion, results from this study provide preliminary evidence that elevated depression symptoms both with and without co-occurring elevated anxiety symptoms are important clinical co-morbidities in people with diabetes. Furthermore, this study has important public health implications indicating that screening for anxiety and depression symptom co-morbidity is important within this population. 
